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SUliMARY 

Tests ivere made to deterxaine the solubilities in gasoline 

at low temperatures of IB of the aromatic amines from the MCA 
exploratory program on aromatic amines as antiknock additives. 
Solubilities of aniline , the toluidinesf and several of their 
respective N-alkyl derivatives were measured in three differ- 
ent gasolines at teinpeiratures as low as -66° C and at concen- 
trations as high as 16 percent by weight. Solubility at -60° 
G was a particular objective of the test work* 

The solubility data for the amines are summarised In the 
following table by interpolating or extrapolating tlie experi- 
mental results to obtain tlie solubility at -GOO C« The data 
for the xylldlnes are included for comparisou. 



SOLUBILITY OP AEOMATIC AMINES IN TEHEE AVIATION PDELS AT -60° C 
[ Peroentages by weight] 



Amine 



Aniline 

N-Methylanil3jie 
N-Ethylani 1 ine 
N-Pr opylemi line 
N-Isopropylanilino 
N-Butylaiii 1 in© 
N-tert-Butyl€iniline 
N »N-Diniethy laniline 
IJ ,N-Dieth;-laiiiline 
o-Toluidine 
m-Toluidlne 
jp-Toluidine 
N-lffethyl-£-toluidine 
N-Ethyl«£-toluidine 
K-l8opropyl--£-toluidiue 
3^1i dines fcoinyier o ial) ^ 



Grade 65, | 
aromatios 
erbr acted 



< O.B 
3.6 

>10 
>10 
>10 

2.0 
>10 

4.7 
>10 

1.3 
<0.5 
<0.5 
>10 
>10 
>10 

3a7L 



Extracted 
grade 65 plus 
15 percent 
(by volume) 
aromatios®" 



Grade 130^ 



I 



0.5 
12.0(-62O C) 



>10 
>10 
>10 



5.6 



>10 



^!Mlxed aromatios consisted of five 

oumene, and one part toluene. 
^Speoif ioation Amendicent>2 
^Previously reported. 



9.7 

>10 
4.2 
2,6 

<0,6 
>10 
>iO 

>10 

>1(? 



14.5 

>10 

> 10 

> 10 

3.8 

> 10 

8.3 
>10 
4.4 
3.6 
<0.5 

> 10 

> 10 

> 10 



parts xylene, two parts 



IhTRODUCTION 

At the request of the Anry Air Forces » Materiel Counniazid, the 
NACA is oonduoting at its aircraft engine research laboratory a 
general investigation on the s^iitability of aronatic amines as 
antiknock components for aviation gasoline. The initial program 
comprises, as exploratory tests » the detenoination of antllcnock 
effeotiveness, solubility in gasolene at low temperatures, Eind 
suitability for ovemater storage of 30 or 40 structurally re- 
lated aromatic amines. Data on knock-limited povrer for 12 of 
these amines have been presented in reference 1. 

The purpose of this report is to present the solubilities 
in f;asoliue at lovr tenperatures of 15 of the aromatic amines from 
this program; nainely* aniline, the toluidines, and several of their 
respective N-alkirl derivatives. Solubilities rrere measured at 
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teiDperatiires as low as -65^ C« 5^ below the usual AniQr-9a'V7 
solubility speolf loation of -60^ C, and at oonoent rat ions as 
high as 16 percent by WBight, well above the 1- to 3-peroent 
range in lAioh'^the amines would nonbally be used In gasoline. 
Solubility at -60^ C was a particular objectiTe in obtaining 
the data. 

In 194S R« F. Uarsohner of the Standard Oil Cconpany pre- 
pared a memorax&dum of some of the scattered data on the sepa- 
ration tenqperatures of ajnlnes in aviation gasolinosj this meno- 
rondum Indioat^s the marked effect of gasoline oosiiposition upon ' 
the separation' temperature • In order to permit observation of 
the effect of fuel composition on solubility, the fuels ohoeen 
for the solubility measurements herein reported wore em aroLiatio- 
free gasoline, a gasoline of known aromatic camposition^ and a 
typical current grade 130 aviation fuel. 

Aoknowledgoment is mde to Dr. R. Jensen of the Fuols and 
Lubricants Division at Cleveland for his contributions to the 
analytical techniques used* 

The tests reported heroin vere conducted during April 194:3 
to March 1944. 



APPABATUS A'lTC FROCEDUF^ 

Cloud-point method. - The general method for dotormining low- 
temperature solu'bility was to cool a solution of known concentra- 
tion to the temperature at whioh incipient separation of the sample 
was observed, the oloud point. The apparatus used, whioh provides 
stirring and convenient temperature control of the seunplo, is 
shown in figure X been previously described in reforonce 

2. F'^r some of tho aminos this method was not used because supor- 
coollng of the test sample failed to give reproducible values for 
the Incipient- separation temporatures* 

. Saturation method. - For the oases whore superooolin^i of tho 
amine solution nado tho direct measurement of tho cloud point unre- 
liable, exooss amine was added to tho gasoline and a sample of tho 
resulting saturated gasoline solution was withdrawn at a constant 
temperature for ajoalysis. 

The apparatus used to obtain the sajnples is shown in fi5uro 2. 
About 150 milliliters of an amine solution is put into tho tost tuuo. 
Tho filter tube is emptied of solution by blowing air through this 
tube until bubbles appear at the ohunols filter; the pinch olainp is 
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thon olosed. The solution Is cooled Gind stirred until amizue sep- 
arates from the gas o lino • At constant temperature, a soinple of 
the saturated gasoline solution is drawn through the filter tube 
into the receiving vessel by slightly reducing the pressure in 
this vessel. The receiving vessel is maintained at a low ten^era* 
ture to minimize vaporization losses from tho samples. 

For analysis, a portion of the cold soruple was transferred to 
a tared, tightly stoppered bottle and -weigjiod. This sample tkis 
thon extracted in a separatory funnol "with three successive 5-milli- 
liter portions of Ijl hydrochloric acid (ITCI), Tho acid extract Ams 
transferred quantitatively to a 50-milliliter bottle iirttli a narrow 
calibrated neck, (Babcoolc milk test bottlos wore found to bo satis- 
factory.) In order to liberate the amine, 20 to 25 milliliters of 
45-percont potassium hydroxide (KOH) was added, together with suf- 
ficient water to raise the liquid level within the range of the 
graduated nock. Tho bottle was contrifuged in an 11-inoh radius 
centrifuge at 1700 rpm for about 5 mintuos. The graduated bottle 
was cooled at 20^ C in a constant-temporature bath and tho volume 
of amino road directly to ^.within ±0.03 milliliter. This volume 
and the amine density v/ero used to calculate weight percentage. 
Data obtained by this method for methylaniline wore found to bo 
in agreement with cloud-point data in the region of -60° C« 

An alternate method of analysis (reference 3) involving tho 
use of phthalio anhydride was used for the amines tliat were solid 
or too soluble in wator at 20*^ C to pormit use of tho centrifugal 
analysis. Tho gasoline sajnplo was mixed -vTith a dry bonzone solu- 
tion containing a woighod amoimt of phthalio anhydride. Tho mix- 
ture was periodically sliakon for 45 mintuos. Standard aqueous 0.1 
normal KOH was then addod in an amount equivalent to tho phthalio 
anhydride. Tho oxcogg KCE tos titrated with standard 0.05 normal 
HCl to a phonolphthaloin end point, Tho weight psrconta^e of 
amine was calculated as follows; 

100 (mol. ?rt. amino) (ml of acid) (normality of acid) 
Weight percentage = (wt. of amino-gasoline sar.Lple) (1000) 



GASOLIcnS ASD AROMATIC -AWraE SPECEJEHS 

Tho following throo fuels wore used for all tho solxibility 
determinations: 

1. Grade 65 base stock from ^'dlich the aromatic hy^^carbons 
were successively extracted with 10 percent fuming sulfuric acid and 
silica gel 
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2a The extracted grade 65 gasoline to lAilch was added 16 
percent by volume of an aramatic-amlno niixtiu-o oonslfftlng of f Ito 
parts 2ylenoj two parts cumenOf and one part toluene 

S« Grade 130 j speolfioation AH-F-28j Anendmont-Z • (Dif- 
ferent batches of this fuel were usod during the course of tho 
tests.) 

The aromatlo ojolnes tested (see table I) either wore pur- 
chased 'as the best grade obtalxiablo and subsequently purlflod 
or were synthesised and piirifled at this laboratory* All are 
believed to be at least 95 percent pure* 



BESULTS MD DISGUSSIGH 

Figures 3, 4, and 5 present tho solubilities of the conlnos 
in the arodmtlo-froe gasoline, in' the gasoline of 15 poroent aro- 
matic contontj and in tho grade ISO fuol^ rcspectlvoly* Tho axii^nos 
not appearing on the curves wore soluble to at least 10 porcont by 
weight at -60^ C in each of the gasolines. They woroi 

K^thylanlllr.e 
N-Pr opy lanl line 
H-I Bopropylaniline 
H-tort-B uty loni line 
H>S^othylQnilino 
K -} lo thy l-£-t o lui dine 
N-Ethyl-.£-toluidiiio 
Zr-Isopropyl-j^-toluldlno 

The greater solubllizing of foot of the mothyl radical tdion 
attached to the nitrogen of aniline than "vdien attached to tho aro- 
matic ring is noted* Longthening the carbon chain attached to the 
nitrogon of Einlline resulted in greater gasoliuo solubility for 
only a limited ohaln lengthy as evidenced by tho relatively Icfw 
solubility of N-buiylemlllno oomparod with N-pr opy loni lino. 

The composition of tho gasoline influenced the amine aolubll- 
Itles to a large oxtontj 16 porcont aromatlos addod to tho fuel 
approximately doubled or trebled tho amine solubility. Solubility 
of the .aminos In^tho grac^e 150 gasoline was similar to that In tho 
gasolinb containing 15 poroent added aromatlo s« Representative 
samples of the various batches of grado 130 fuel gonorally contain 
12 to 20 percent aromatlo s* 
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Tho solubility of an aromatic amino in the aronatio-ifree 
aviation gasoline at «-60^ C niay be takon as on indloation of tho 
maxliniDn oonoontration to iihioh tho amine my bo used in ourront 
aviation gasolines on the basis of solubility alone. The aro- 
matio hydrocarbons present in inost of tho ourront gasolines would 
provide a margin of safety in preventing soparatlon of the sjidne 
at -60° C. 



Sin-^JARY OF HSSDLTS 

The solubilities of aromatlo aminos at -60° C as doterminod 
by interpolating or extrapolating tho experlmontal data arc pre- 
sented in table 11. Tho data for xylidinos aro Included for com- 
parison* 

Aircraft Engine Ro search Laboratory, 

National Advisory Comraittoo for Aeronautics, 
Clovcland, Ohio, Juno 5, 1944. 
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■ ' TABLB-X 

FHI3ICAL PROPERTIED OP AROUATIC MINES TESTED 



Afni Tift 


Boiling range 
at 760 mnL 

(°c) 


Index of 
refraction, 

"2Cr C 


Density, 

^20° c 
f <n?a]iiam,l) 


Aniline 


18U.0 




18U.5 


1.5853 


1.0220 


N-UethylaxiiljjQO 


195.0- 




196.0 


1.5701+ 


.9860 




2QU.0 




205.0 




9607 


N-Propylaniline 


220.5 




223.5 


1.5U25 


.9i|i;8 


If-Isopropylaniline 


206.5 




209.0 


1.5UQU 


.9371+ 


N-Butylaniline 


2^0.0 




2U0.5 


1.5339 




N~tert-Butylaniline 


*95.0 


(16 mm) 


1.5270 


!92li 


N,N-Dijnethylanillne 


192.5 




193.5 


1.5580 


.956i; 


N,N-Diethylaniline 


215.0 




217.0 


I.5i4l8 


.93U7 


o-Toluidino 


198.5 




201.5 


1.571s 


.9989 


S-Toluidine 


20<J.5 




203.5 


1.5671; 


.9393 


p-Toluidine 


^hh.o 










N-Me bhyl-g;--fcoluidine 


209.0 




211.0 


1.5570 


.9610 


N-Ethyl-g;-toluidlne 


217.0 




220.0 


l.5't39 


.9l|l|l 


N-Isopropyl-^-toluidlne 


222.0 




223.0 


1.5319 


.9230 



^Distillad under reduced pressux'e. 

belting point ivas measured instead or boiling range for this solid. 
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TiUBUB II 

SOLUBIUTI OF ARCMAIIC AiONES IN THRSB AVL'VTION FUELS AT -60° C 



percentages by ireight) 



ibolnc 








CLTUSiaXplCo 








fiirh'PAp t a fi 










1 Hv vol jjwp 1 








a T»i^ rr LSa + i r» 'a ^ 

O-L VJJlKl U.LOO 




Aniline 


<0.5 






H-4Ie thylaniline 


3.6 


12.0 (-62° C) 


iU.3 


N-Ethylaniline 


>10 


>10 


>10 


N-Propylaniline 


>10 


>10 


>10 


N-Isopropylaniline 


>10 


>10 


>10 


N-Butylaniline 


C2.0 




°3.B 


Jf-tert-Butylaniline 


>10 


>10 


>10 


N,H-DiTRt2thylaniline 




9.7 


8.3 


N,Jf-Diethylanillne 


>10 


>10 


>10 


o-Toluidine 


1.3 




h.h 


m-Tol'iidine 


< 0.5 


2.6 




P"Toluidine 




d..0.5 




N-Ketliyl-p-toluidlne 


>10 


>10 


>10 


N"Ethyl-p-toluidine 


>10 


>10 


>10 


N-Isopro pyl-p;- tol uidir?e 


>10 


>10 


>10 


Xylidines (conunercial)^ 


3.7 


>10 


>10 



^Mixed aramabics consisted or five parts xylL.ne, tuo parts ciuncno, 
and one part toluone. 

^Specification All-P-28, Amendiiient-2 (differont hatcnoy used). 

*^3atiirHtion mothod, centrifugal an.il^''sis. 

^Saturation method, phthalic-anhydrido analysia. 

•^Data from refarcnce 2, 
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' I I 



^ ^^^^A i r motor 
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Coofont-theraiotKeter ktelf 
Insulotfng box 
Bypass and uafue 
SofBple lube 

Three-junct ion i ron-constantan 
fhernopU e 
Deuar flask 
Stirrer 

Cold-junction bath 

Cent rifugai circulot ing pump^ 

variable speed 

Refrlgerat ing bath 




Figure 1. - Cloud'-polnt apparatus. 




SompI 
rece fu ing 
vessels 




Chomo i s 



Three-J unct ton 
iron-cons tan tan 
ttiermopi le 




-Tes t tube 



^St I rrer 



Figure 2. - Apparatus for obtaining saturated samples. 
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2 6 g 10 12 

Amine concentration, percent by weight 
Figure 3. - Solubility of aromatic amines ip grade 65 base stock 
with the aromatic l^drocarbons extracted. 




-70 1 

10 12 
Amine concentration, percent by weight 

Figure 4. - Solubility of aromatic amines in a blend of 85 percent 
extracted grade 65 base stock and I5 percent by volume of an 
aromatic mixture consisting of I5 parts xylene, 2 parts cumene, 
and 1 part toluene. 




^ 6 8 10 12 

Amine concentration, percent by weight 
Figure 5, - Solubility of aromatic, amines In grade I30 aviation 
gasoline. . 
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